Abstract. This study focused on the effect of baffles on sloshing mitigation in a liquid storage tanks. A vibration producing system was manufactured to apply a predetermined vibration to the tank. The sloshing force applied to the tank wall was measured when the tank vibrating the natural sloshing frequency was stopped instantaneously. The introduction of baffles was effective at mitigating the sloshing force on the tank wall.
Introduction
Sloshing phenomenon can be observed in the liquid storage tanks of large vessels, aircrafts, and automobiles. When the vibrating frequency approaches the natural frequency of the stored liquid tank, the sloshing phenomenon becomes more pronounced. This, in turn, applies a force and moment to the tank wall, which causes serious consequences on the structural stability of the liquid storage tank [1] [2] . Although the sloshing phenomena observed in liquid storage tanks have been analyzed, taking the factors associated with the damping mechanism into account, systematic studies of the sloshing problems in the liquid storage tanks have yet to be performed and are essential to the further development of liquid storage tanks [3] [4] [5] [6] .
For this study, a device that was capable of applying a wide range of vibration condition was manufactured to investigate the sloshing mitigation technique. The amount of liquid in the tank and the vibration conditions were used as experimental parameters. A method for measuring the sloshing force applied to the tank wall as a result of the sloshing is suggested. Figure 1 shows the device used to produce vibrations. It consists of a DC motor, a connecting rod, a crank offset, and a controller. In an earlier version of this device, we used a stepper. Liquid storage tank with an internal diameter-to-length ratio of 1:3 was used. Baffles could be mounted at 1/4-way point, 1/2-way point and/or 3/4-way point from the right-hand end of the tank. When only one baffle was used, it was installed at 1/2-way point, and when two baffles were installed, they were placed at 1/4-way point and 3/4-way point. Figure 2 shows the apparatus used to measure the sloshing force on the liquid storage tank. A small-capacity load cell was mounted on the wall to measure the sloshing force. The liquid storage tank vibrating at the natural sloshing frequency must be stopped instantaneously such that any forces being generated are a result of the sloshing of the stored liquid only. Figure 3 shows the sloshing force signals measured from a load cell when the storage tank for 30%, 50%, and 70% full, is subject to an instantaneous stop. Figure 3  (a) shows the case of vibration at the first natural sloshing frequency, while (b) shows that for vibration at the second natural sloshing frequency. These results show that an instantaneous stop after vibrating at the first natural sloshing frequency produced larger force signals when the tank was 50% and 70% full than when it was only 30% full. While an instantaneous stop after vibrating at the second natural frequency produced larger force signals when the tank was 70% full than when it was either 30% or 50% full. 
Experimental Apparatus

Fig. 1. Vibration producing system
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Sloshing Mitigation Effect
Baffles were installed to mitigate the sloshing of the liquid storage tank. Figure 4 shows the four types of baffles used in this study. Figure 5 shows the sloshing force signals measured from the load cell when the tank, with one or two baffles, was stopped instantaneously. The tank was 50% full, the vibration amplitude was 40 mm, and the vibration frequency was 0.461 Hz of the first natural sloshing frequency. The experimental conditions were as follows: (1) no baffle, (2) Type 1 baffle, (3) Type 2 baffle, (4) Type 3 baffle, and (5) Type 4 baffle. The presence of a baffle played a significant role in mitigating the sloshing force on the tank wall. In (a), using one baffle, the degree of sloshing mitigation varied depending on the baffle type being used; the Type 3 and 4 baffles mitigated the sloshing more effectively than Types 1 and 2. In particular, the Type 4 baffle reduced the sloshing force being applied to the tank wall to a greater extent than Type 3. In (b), using two baffles, the degree of sloshing mitigation was similar to (a). However, when the tank was stopped instantaneously, the sloshing force on the tank wall decreased rapidly. In the same way as in (a), the Type 3 and 4 baffles mitigated the sloshing more effectively than Types 1 and 2, while the Type 4 baffle reduced the sloshing force on the tank wall more than Type 3.
Conclusions
To observe the sloshing of a liquid stored inside a tank, a vibration producing system was manufactured. The sloshing force applied to the tank wall was measured when the tank vibrating at the natural sloshing frequency is stopped instantaneously. The baffles have a significant influence on the mitigation of the sloshing force on the tank wall. Among the hollow baffle types with the same surface area, those with more holes of smaller diameters are more effective at reducing the sloshing force. 
